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tion signal detected by a vibration sensor, a fall deter- 
mining means for detecting a bank angle of a vehicle 
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Description 

[0001 ] The present invention relates to a theft preven- 
tion device for a vehicle, in particular to the one using 
an acceleration sensor. 

[0002] In motorcycles or the like for example, an ECU 
(electronic control unit) is provided for the control of EFI 
(electronic fuel injection) and ignition timing. The ECU 
controls to actuate injectors and ignition coils using data 
detected on engine revolution, throttle opening, and in- 
take pipe vacuum according to predetermined maps 
and programs. Such an ECU is made by mounting on a 
printed circuit board semiconductor elements such as 
memory circuits in which maps and programs are stored 
and calculation circuits for processing data, and mount- 
ed as a single unit on the vehicle body. 
[0003] Also is known a fall control device for control- 
ling operation of motorcycles or the like when they fall. 
The fall control device is arranged with a bank sensor 
mounted on the vehicle body to control to stop fuel in- 
jection and ignition by means of the ECU when the bank 
sensor detects a fall of the vehicle body. The applicants 
of the present invention have made research and devel- 
opment of a fall control device using the semiconductor- 
based acceleration sensor. The acceleration sensor is 
made to form a capacitor between electrodes to detect 
the magnitude of acceleration as the capacitance 
changes according to acceleration. The acceleration 
sensor, in the form of a semiconductor element, has no 
large mechanical components except for the electrodes, 
and is capable of acquiring acceleration data with high 
accuracy. 

[0004] To prevent the theft of such motorcycles, there 
is known a lock device to be attached to a wheel when 
the vehicle is parked or a theft prevention device to pro- 
duce alarm sound when a bank sensor attached to part 
of the vehicle detects abnormal bank or vibration of the 
vehicle body. The theft prevention device is constituted 
with a bank sensor, a control circuit made up of a micro- 
computer, etc. for discriminating abnormal bank or vi- 
bration from signals detected with the bank sensor, an 
alarm device connected to the control circuit, and a pow- 
er circuit for supplying power to the above components. 
The power circuit is connected to a vehicle-mounted 
battery of 12 volts for example for stepping down the 
voltage to 5 volts for example being supplied to activate 
control circuits and sensors. Since such a theft preven- 
tion device must be effective even when the main switch 
or ignition unit is turned off, as when parked. Therefore, 
power must be constantly supplied even when the ve- 
hicle is parked. 

[0005] However, in order to attach a conventional theft 
prevention device to a vehicle, a separate, dedicated 
bank sensor must be attached. This makes constitution 
complicated, restricts spaces for components, and in- 
creases costs. 

[0006] Another problem is that, when it is intended to 
use the same printed circuit board for the ECU on vehi- 



cles with or without a theft prevention device to enhance 
the general purpose nature of the printed circuit board, 
since the battery power is constantly supplied to the theft 
prevention device, the power is supplied also to other 

5 parts than those necessary for the theft prevention de- 
vice, namely to circuits in the ECU for actuating and con- 
trolling the engine. As a result, dark current increases 
and unnecessary power is wasted. 
[0007] The present invention is made in view of the 

10 conventional technique described above, with an object 
of providing a theft prevention device of a simpler con- 
stitution at a lower cost. 

[0008] To accomplish the above object, the present 
invention provides a theft prevention device for a vehicle 

15 comprising: a vibration determining means for receiving 
a vibration signal detected by a vibration sensor, a fall 
determining means for detecting a bank angle of a ve- 
hicle body detected by a bank sensor, wherein an ac- 
celeration sensor is provided simultaneously constitut- 

20 ing the vibration sensor and/or the bank sensor. 

[0009] With the above constitution, the acceleration 
sensor for detecting fall is used as the bank sensor 
which also detects vibration to prevent theft. As a result, 
the number of components is reduced, constitution is 

25 simplified, and cost is reduced. 

[001 0] According to a preferred embodiment, the ve- 
hicle is a motorcycle, an alarm device connected to said 
vibration determining means is provided for producing 
alarm sound, and a power source means is provided for 

30 the theft prevention device. 

[0011] According to still a further preferred embodi- 
ment, said vibration determining means is a vibration 
determining circuit and said fall determining means is a 
fall determining circuit. 

35 [001 2] It is an advantage to provide a theft prevention 
device for vehicles capable of holding down power con- 
sumption. 

[001 3] According to a preferred embodiment, an ECU 
1 is provided for controlling the operation of an engine, 

40 wherein the fall determining circuit 1 4 is provided in the 
ECU 1 and is connected to the acceleration sensor 2 
and with an ECU-purpose power means connected to a 
vehicle-mounted battery 8, wherein the vehicle-mount- 
ed battery 8 is connected through a theft prevention de- 

45 vice-purpose power means to the theft prevention de- 
vice, and wherein the theft prevention device-purpose 
power means is connected to the acceleration sensor 
2, and an actuator is interposed between the accelera- 
tion sensor 2 and the ECU-purpose power means so 

50 that current flows from the ECU-purpose power means 
toward the acceleration sensor 2. 
[0014] With the above constitution, the theft preven- 
tion device is energized with the vehicle-mounted bat- 
tery separately from the ECU, and the power circuit pro- 

55 vided in the theft prevention device steps down the bat- 
tery voltage and supplies it to the acceleration sensor. 
Therefore, even with the ECU being de-energized, the 
acceleration sensor remains energized and active. 
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Since the current supplied to the acceleration sensor is 
prevented from flowing toward the ECU owing to the ef- 
fect of the actuator, power consumption beyond neces- 
sary amount is saved. 

[0015] According to another preferred embodiment, 
the ECU-purpose power means is an ECU-purpose 
power circuit, the theft prevention device-purpose pow- 
er means is a theft prevention device-purpose power cir- 
cuit, and the actuator is a diode. 
[0016] According to still another preferred embodi- 
ment, the acceleration sensor is provided within the 
ECU and is formed from a semiconductor element. 
[001 7] With the above constitution , the constitution is 
made compact as the acceleration sensor is provided 
within the ECU. 

[0018] According to another preferred embodiment, 
the acceleration sensor is connected through a filter 
means to the fall determining circuit and through a ca- 
pacitor means to the vibration determining circuit. 
[0019] According to another preferred embodiment, 
the filter means is a filter circuit and the capacitor means 
is a capacitor circuit. 

[0020] According to another preferred embodiment, 
the fall determining circuit is provided for switching off 
the engine in accordance with a signal of the accelera- 
tion sensor. 

[0021] According to another preferred embodiment, a 
drive means, in particular a drive circuit, connected with 
the fall determining circuit is provided for stopping en- 
ergizing an ignition device, for shutting off fuel injection 
and for stopping driving a fuel pump in order to switch 
off the engine. 

[0022] Other preferred embodiments of the present 
invention are laid down in further dependent claims. 
[0023] In the following, the present invention is ex- 
plained in greater detail with respect to several embod- 
iments thereof in conjunction with the accompanying 
drawings, wherein: 

FIG. 1 shows a block structure of an embodiment of 
the invention; and 

FIG. 2 is an explanatory drawing of the constitution 
using a common ECU irrespective of the pres- 
ence of the theft prevention device. 

[0024] An embodiment of the invention will be herein- 
after described in reference to the appended drawings, 
wherein only a preferred embodiment is described in 
which the acceleration sensor is used to detect the vi- 
bration and the bank angle of the vehicle body, and the 
embodiments are not mentioned in which the accelera- 
tion sensor is used to detect the vibration of the vehicle 
body or the bank angle of the vehicle body. 
[0025] FIG. 1 shows the constitution of a theft preven- 
tion device for a motorcycle as an embodiment of the 
invention. 

[0026] On a printed circuit board (not shown) for con- 



stituting an ECU 1 are mounted; an acceleration sensor 
2, a filter circuit 3, a control circuit 4, a drive circuit 5, a 
capacitor circuit (capacitor coupling) 6, an ECU-purpose 
power circuit 7, and a theft prevention device-purpose 

5 power circuit 1 3. The circuits and sensors are intercon- 
nected through terminals (A) to ECU-purpose power 
lines, and through terminals (B) to theft prevention de- 
vice-purpose power lines. The acceleration sensor 2, as 
will be described later, functions as a fall sensor by de- 

10 tecting bank angle of the vehicle and also as a theft pre- 
vention sensor by detecting vibration. Signals detected 
with the acceleration sensor 2 are inputted on one hand 
through the filter circuit 3 into a fall determining circuit 

14 of a control circuit 4, and on the other hand through 
'5 a capacitor circuit 6 into a vibration determining circuit 

15 of the control circuit 4. 

[0027] The filter circuit 3 is used to remove vibration 
component and noise component from the signals de- 
tected with the acceleration sensor 2 for detecting bank 

20 angle of the vehicle body. The fall control circuit 14 of 
the control circuit 4 comprises a microcomputer for dis- 
criminating a fall through calculation process of the de- 
tected signals coming through the filter circuit 3, and 
control programs and maps. The fall determining circuit 

25 1 4 is connected through the drive circuit 5 to an ignition 
device 9, a fuel injection device (EFI) 10, and a fuel 
pump 11. 

[0028] The fall determining circuit 14 determines a fall 
to have occurred when the bank angle of the vehicle 

30 body exceeds a specified value (for example 70°) to 
stop energizing the ignition device 9 and to shut off fuel 
injection by the fuel injection device solenoid, and fur- 
ther to stop driving the fuel pump 1 1 to prevent fuel from 
being spilled. Incidentally, the filtercircuit 3 may be con- 

35 stituted as hardware with resistors and capacitors or as 
software by calculation-processing the detected sig- 
nals, or combination of both. Fall control means is cre- 
ated in this way in the ECU using the acceleration sen- 
sor 2, the filter circuit 3, the fall determining circuit 14, 

*o and the drive circuit 5. 

[0029] Signals detected with the acceleration sensor 
2 are inputted through the capacitor circuit 6, separate 
from the fall control means, into the vibration detection 
circuit 15 located in the control circuit 4. The capacitor 

45 circuit 6 is to take out vibration components from the sig- 
nals detected with the acceleration sensor 2. A primary 
filter for removing noise may be placed before the ca- 
pacitor circuit 6. Or, the capacitor circuit 6 may be con- 
nected to the middle of the fall determination-purpose 

so filter circuit 3 to remove error components and then to 
detect vibration components. The vibration determining 
circuit 15, when it detects vibration of a magnitude be- 
yond a specified value from the vibration component sig- 
nal, determines that a theft is attempted, and drives a 

55 drive circuit (not shown) located in an alarm device 12 
to produce alarm sound. The vibration detection circuit 
15 may be placed in the alarm device 12 rather than in 
the ECU 1. 
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[0030] On the vehicle is mounted a battery 8 of for 
example 1 2 volts. The battery 8 is connected to the pow- 
er circuit 7 of the ECU 1 to energize the ECU 1 through 
a main (or ignition) switch 17. The ECU-purpose power 
circuit 7 steps down the battery voltage of 1 2 volts to for 
example 5 volts required for operating the control circuit 
4, etc. in the ECU 1 . The control-purpose voltage of 5 
volts is supplied to the control circuit 4 and also through 
the control circuit 4 to the acceleration sensor 2 and the 
drive circuit 5. 

[0031] The vehicle-mounted battery 8 is further con- 
nected to the alarm device-purpose power circuit 13 
where the voltage is stepped down to a specified control 
driving voltage to energize and drive the alarm device 
12. 

[0032] Incidentally, a calculation process circuit for 
processing detected signals coming from the accelera- 
tion sensor 2 for taking out vibration components may 
be provided in place of or in addition to the capacitor 
circuit 6 in the vibration determining circuit 15. 
[0033] In this way, a theft prevention device is consti- 
tuted with the acceleration sensor 2, the capacitor circuit 
6, the vibration determining circuit 15, the alarm device 
1 2, and the power circuit 1 3. Using the acceleration sen- 
sor 2 as both a fall sensor and a theft prevention-pur- 
pose sensor reduces the number of components and 
simplifies the constitution of the ECU 1 . Incidentally, the 
acceleration sensor 2 may be mounted separately from 
the ECU 1 on the vehicle body. While the present em- 
bodiment is arranged that only the alarm device 1 2 con- 
stituting the theft prevention device is placed outside 
separately from the ECU 1 and other component circuits 
are placed within the ECU 1 , in case the theft prevention 
device itself is made as a single unit as described later 
and attached as an option to the vehicle body, the power 
circuit 1 3 and the vibration determining circuit 1 5 as well 
as the alarm device 12 are placed outside the ECU 1 . 
[0034] FIG. 2 shows example constitutions of the 
ECU 1 that can be attached as an option; FIG. 2 (A) 
shows the constitution of a vehicle without the theft pre- 
vention device and FIG. 2 (B) a vehicle with the theft 
prevention device. With the constitution shown in FIG. 
1, the theft prevention device must be effective even 
when the main switch 1 7 is turned off, and so the accel- 
eration sensor 2 and the control circuit 4 must be con- 
stantly energized, which requires a large dark current. 
The present embodiment is to cope with such a situa- 
tion. 

[0035] As for the vehicle without the theft prevention 
device, as shown in FIG. 2 (A), the vehicle-mounted bat- 
tery 8 is connected through the main (or ignition) switch 
17 to the terminal (a) of the ECU 1. Battery power is 
supplied through the terminal (a) to the power circuit 7 
in the ECU 1. The battery voltage stepped down with 
the power circuit 7 as described before is supplied to the 
acceleration sensor 2 and the fall determining circuit 14 
consisting of microcomputer, etc. A diode 16 is inter- 
posed between the power circuit 7 and the acceleration 



sensor 2 to make current flow only in the direction from 
the power circuit 7 toward the acceleration sensor 2. 
[0036] The ECU 1 further has a terminal (b) for draw- 
ing out 5-volt power supplied from the power circuit 7, a 
5 terminal (c) for supplying power from outside to the ac- 
celeration sensor 2, and a terminal (d) for taking out vi- 
bration signals coming from the acceleration sensor 2. 
[0037] With the above constitution, when the main 
(orignition) switch 1 7 is turned on, control-purpose pow- 

10 er is applied to the ECU 1 . In that state, when the accel- 
eration sensor 2 used as a bank sensor detects a signal, 
the detected signal is sent to the fall determining circuit 
14 to discriminate the fallen state as described above. 
[0038] As for the vehicle optionally provided with the 

'5 theft prevention device, as shown in FIG. 2 (B), the theft 
prevention device 18 is provided with a vibration deter- 
mining circuit 15 made up of the alarm device 12, the 
power circuit 13, a microcomputer, etc. The battery 8 is 
connected to the power circuit 13. The power circuit 13 

20 steps down the voltage of 12 volts of the battery 8 to 5 
volts for the sensor control power source. The sensor 
control power source of 5 volts energizes through the 
terminal (c) the acceleration sensor 2 in the ECU 1 . Vi- 
bration signals detected with the acceleration sensor 2 

25 are sent through the terminal (d) to the vibration deter- 
mining circuit 15 made up of microcomputers, etc. in the 
theft prevention device 18. Unlike the constitution 
shown in FIG. 1 , in this embodiment, the theft prevention 
device 1 8 itself is constituted as a component separate 

30 from the vehicle body. Therefore, the power circuit 13 
for the theft prevention device is not mounted in the ECU 
1 but installed as a unit in the theft prevention device 
18, outside the ECU. 

[0039] With the above constitution, the theft preven- 
ts tion device 18 is constantly energized with the battery 
8, and the acceleration sensor 2 in the ECU 1 is ener- 
gized with the control-purpose current through the ter- 
minal (c) even when the main switch 17 is turned off. 
Thus, the acceleration sensor 2 is constantly energized 
40 to serve as a vibration sensor. Here, owing to the func- 
tion of the diode 16, the sensor-controlling current of 5 
volts supplied to the acceleration sensor 2 does not flow 
towardthepowercircuit7inthe ECU 1, namely the ECU 

1 is not energized. 

45 [0040] As described above, using the same constitu- 
tion of ECU 1 commonly for vehicles with and without 
the theft prevention device as shown in FIGs. 2 (A) and 

2 (B), general purpose nature of the ECU 1 is enhanced 
to simplify production lines. It is also possible to reduce 

50 dark current to reduce waste of power consumption. 
Placing the acceleration sensor 2 within the ECU 1 can 
provide a compact constitution. 
[0041] According to the present invention as de- 
scribed above, since the single acceleration sensor is 

55 used both as the vibration detection sensor to constitute 
the theft prevention device and as the bank sensor for 
the fall detection, the number of components is reduced, 
constitution is simplified, and cost is reduced. 
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[0042] Thus the disadvantage as described above of 
the conventional theft prevention device for a vehicle is 
solved according to the present invention by a theft pre- 
vention device for a vehicle comprising a vibration sen- 
sor, a vibration determining circuit for receiving detected s 
signals from the vibration sensor, an alarm device con- 
nected to the vibration determining circuit, a power 
source circuit for the theft prevention device, and a fall 
detection circuit for detecting the bank angle of the ve- 
hicle body by means of a bank sensor made of an ac- 10 
celeration sensor, wherein a common acceleration sen- 
sor constitutes the vibration sensor and the bank sensor. 



Claims 15 

1 . A theft prevention device for a vehicle comprising a 
vibration determining means for receiving a vibra- 
tion signal detected by a vibration sensor, a fall de- 
termining means for detecting a bank angle of a ve- 20 
hide body detected by a bank sensor, wherein an 
acceleration sensor (2) is provided simultaneously 
constituting the vibration sensor and/or the bank 
sensor. 

25 

2. A theft prevention device according to claim 1, 
wherein the vehicle is a motorcycle, an alarm device 
(12) connected to said vibration determining means 
is provided for producing alarm sound, and a power 
source means is provided for the theft prevention 30 
device. 

3. A theft prevention device according to claim 1 or 2, 
wherein said vibration determining means is a vi- 
bration determining circuit (15) and said fall deter- 35 
mining means is a fall determining circuit (14). 



vice-purpose power circuit (13), and the actuator is 
a diode (16). 

6. A theft prevention device according to at least one 
of the claims 1 to 5, wherein the acceleration sensor 
(2) is provided within the ECU (1 ) and is formed from 
a semiconductor element. 

7. A theft prevention device according to at least one 
of the preceding claims 1 to 6, wherein the acceler- 
ation sensor (2) is connected through a filter means 
to the fall determining circuit (14) and through a ca- 
pacitor means to the vibration determining circuit 
(15). 

8. A theft prevention device according to claim 7, 
wherein the filter means is a filter circuit (3) and the 
capacitor means is a capacitor circuit (6). 

9. A theft prevention device according to at least one 
of the preceding claims 1 to 8, wherein the fall de- 
termining circuit (1 4) is provided for switching off the 
engine in accordance with a signal of the accelera- 
tion sensor (2). 

10. A theft prevention device according to claim 9, 
wherein a drive means, in particular a drive circuit 
(5), connected with the fall determining circuit (14) 
is provided for stopping energizing an ignition de- 
vice (9), for shutting off fuel injection and for stop- 
ping driving a fuel pump (11) in order to switch off 
the engine. 



4. A theft prevention device according to at least one 
of the claims 1 to 3, wherein an ECU (1) is provided 
for controlling the operation of an engine, wherein 40 
the fall determining circuit (14) is provided in the 
ECU (1) and is connected to the acceleration sen- 
sor (2) and with an ECU-purpose power means con- 
nected to a vehicle-mounted battery (8), wherein 
the vehicle-mounted battery (8) is connected 45 
through a theft prevention device-purpose power 
means to the theft prevention device, and wherein 
the theft prevention device-purpose power means 
is connected to the acceleration sensor (2), and an 
actuator is interposed between the acceleration so 
sensor (2) and the ECU-purpose power means so 
that current flows from the ECU-purpose power 
means toward the acceleration sensor (2). 



5. A theft prevention device according to claim 4, 55 
wherein the ECU-purpose power means is an ECU- 
purpose power circuit (7), the theft prevention de- 
vice-purpose power means is a theft prevention de- 
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